In China, the electricity load is concentrated in the east, but low-rank coal resources are concentrated in the west. To solve this contradiction, in this study, three cases for energy transmission about power system with and without solar energy were studied by life cycle assessment (LCA). Case 1 directly combusts low-rank coal to generate electricity in western China and transmits it to eastern China by grid. Cases 2 and 3 upgrade low-rank coal and transport it to eastern China for power generation. With the evaluating indicators and various stages of LCA, the impact of each case on the environment was compared clearly. The results show that over 90% of the pollutant emission comes from coal combustion throughout the life cycle. The pollutant emission of upgraded coal transportation is less than 5%. With low-rank coal upgrading then combusting, the total emission is less than that of direct combustion. In particular, with solar energy added, the emission of combustion can be further reduced. On the bases of LCA, analytic hierarchy process (AHP) was used to establish the connection of these four evaluation indicators to comprehensively evaluate the performance of the three cases through the objective function of AHP, which provided guidance for the energy transmission and utilization in the eastern and western China. Finally, sensitive analysis shows the main major factors affecting system performance on the system. The results show that the Case 3, which integrates with solar energy, performs best in the whole life scale.
Introduction
In China, western regions have abundant coal resources, while eastern demand for electricity is great, which creates an imbalance in energy supply and demand. If the electric power generated in the west China can be transferred to the eastern via the electric gird, the problem of imbalance between energy supply and demand can be partly solved. However, more than half of the coal reserves in the western China are low-rank coals [1], suffering from high moisture content and relative low power generation efficiency, leading to a uneconomic pattern to directly transferring electric power from the west China to the east China [2] . In addition to electric power transmission, directly transportation of coal from the western China to the east where it is demand is also a pattern for energy transfer. Unfortunately, the low-rank coals also have a low heating value [3] , highly reactive nature, and highly spontaneous combustion potential, and thus it is neither economical nor safe to transport the raw low-rank coal directly for a long distance. It should be also noted that, in addition to efficient energy transportation, Xinjiang has a large amount of electricity demand in recent years. Therefore, it is also significant to pay attention to the improvement of local power generation efficiency in Xinjiang while ensuring efficient power transmission. system consumption and emissions performance and discussed it under different conditions. In order not to lose universality, AHP analysis took into account the degree of regional development and different perspective. Therefore, the analysis of Cases 1-3 is also of reference value to the utilization of energy in other regions. Finally, with sensitive analysis, the main factors affecting the performance of the system are discussed. Through analysis of the results, it can be deduced that the primary cause of Case 2 and 3 emissions being lower than Case 1 is that the main emissions of thermal power are generated during operation. Therefore, although there will be more investment for coal upgrading in the early stage, the profit is considerable.
Cases Description

Systems Description
Case 1: Low-Rank Coal Fueled Power Generation and Electric Power Transmission
Figure 1 depicts a scheme of direct-fired low-rank coal for power generation in Xinjiang, in which part of the generated electric power is used locally and the rest is transported to eastern China by the gird. Obviously, in the west China, it is necessary to build several new power plants with suitable capacity to satisfy both the local consumption and long distance electric power transmission. The energy loss occurs in both power generation process and the electric power transmission. From the perspective of the whole life scale, the pollutant and greenhouse gases of the power plants construction should be considered. not to lose universality, AHP analysis took into account the degree of regional development and different perspective. Therefore, the analysis of Cases 1-3 is also of reference value to the utilization of energy in other regions. Finally, with sensitive analysis, the main factors affecting the performance of the system are discussed. Through analysis of the results, it can be deduced that the primary cause of Case 2 and 3 emissions being lower than Case 1 is that the main emissions of thermal power are generated during operation. Therefore, although there will be more investment for coal upgrading in the early stage, the profit is considerable.
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Systems Description
Case 1: Low-Rank Coal Fueled Power Generation and Electric Power Transmission
Figure 1 depicts a scheme of direct-fired low-rank coal for power generation in Xinjiang, in which part of the generated electric power is used locally and the rest is transported to eastern China by the gird. Obviously, in the west China, it is necessary to build several new power plants with suitable capacity to satisfy both the local consumption and long distance electric power transmission. The energy loss occurs in both power generation process and the electric power transmission. From the perspective of the whole life scale, the pollutant and greenhouse gases of the power plants construction should be considered. Because of the high moisture content and low calorific value of low-rank coal, this power generation method is inefficient and seriously pollutes the environment. Figure 2 depicts the concept of the conventional low-rank coal upgrading, power generation, and upgraded coal transportation pattern. Compared with Case 1, the local low-rank coal is first upgraded to increase its caloric value, and then, part of the upgraded coal product is used for power generation in Xinjiang province, and the rest upgraded coal is transported by the railway to eastern China. Clearly, the power generation efficiency of power plants in Xinjiang province would be greater than that the Case 1. From the perspective of the whole life scale, the pollutant and greenhouse gases of the power plants construction, coal transportation, and railway construction should be considered. Because of the high moisture content and low calorific value of low-rank coal, this power generation method is inefficient and seriously pollutes the environment. Figure 2 depicts the concept of the conventional low-rank coal upgrading, power generation, and upgraded coal transportation pattern. Compared with Case 1, the local low-rank coal is first upgraded to increase its caloric value, and then, part of the upgraded coal product is used for power generation in Xinjiang province, and the rest upgraded coal is transported by the railway to eastern China. Clearly, the power generation efficiency of power plants in Xinjiang province would be greater than that the Case 1. From the perspective of the whole life scale, the pollutant and greenhouse gases of the power plants construction, coal transportation, and railway construction should be considered.
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Cases Description
Systems Description
2.1.1. Case 1: Low-Rank Coal Fueled Power Generation and Electric Power Transmission Figure 1 depicts a scheme of direct-fired low-rank coal for power generation in Xinjiang, in which part of the generated electric power is used locally and the rest is transported to eastern China by the gird. Obviously, in the west China, it is necessary to build several new power plants with suitable capacity to satisfy both the local consumption and long distance electric power transmission. The energy loss occurs in both power generation process and the electric power transmission. From the perspective of the whole life scale, the pollutant and greenhouse gases of the power plants construction should be considered. Because of the high moisture content and low calorific value of low-rank coal, this power generation method is inefficient and seriously pollutes the environment. Figure 2 depicts the concept of the conventional low-rank coal upgrading, power generation, and upgraded coal transportation pattern. Compared with Case 1, the local low-rank coal is first upgraded to increase its caloric value, and then, part of the upgraded coal product is used for power generation in Xinjiang province, and the rest upgraded coal is transported by the railway to eastern China. Clearly, the power generation efficiency of power plants in Xinjiang province would be greater than that the Case 1. From the perspective of the whole life scale, the pollutant and greenhouse gases of the power plants construction, coal transportation, and railway construction should be considered. By reducing the moisture content and propensity for spontaneous of low-rank coal through upgrading, safe and efficient transportation can be realized. However, the heat for upgrading comes from waste steam. Whether the power generation efficiency is improved or not in the whole life still needs to be studying.
Case 2: Conventional Low-Rank Coal Upgrading and Upgraded Coal (UGC) Transportation
2.1.3. Case 3: Solar-Hybrid Coal Upgrading Power Generation and UGC Transportation Figure 3 depicts the scheme of solar-hybrid upgrading, power generation and upgraded coal transportation pattern. The low-rank coal will be upgraded in Xinjiang province using the solar energy. Part of the upgraded coal will be consumed to generate electricity locally, and the rest will be transported by the railway to the eastern China to generate electricity. Comparing with the conventional low-rank coal upgrading technologies, the required heat is provided by solar energy rather than fossil fuel combustion, which decreases the fuel consumption and GHG emissions. Clearly, in this case, from the perspective of the whole life scale, in addition to the pollutant and GHG emissions from the power plants construction, the solar field related materials production and manufacture process will also bring about pollutant and GHG emissions. By reducing the moisture content and propensity for spontaneous of low-rank coal through upgrading, safe and efficient transportation can be realized. However, the heat for upgrading comes from waste steam. Whether the power generation efficiency is improved or not in the whole life still needs to be studying.
2.1.3. Case 3: Solar-Hybrid Coal Upgrading Power Generation and UGC Transportation Figure 3 depicts the scheme of solar-hybrid upgrading, power generation and upgraded coal transportation pattern. The low-rank coal will be upgraded in Xinjiang province using the solar energy. Part of the upgraded coal will be consumed to generate electricity locally, and the rest will be transported by the railway to the eastern China to generate electricity. Comparing with the conventional low-rank coal upgrading technologies, the required heat is provided by solar energy rather than fossil fuel combustion, which decreases the fuel consumption and GHG emissions. Clearly, in this case, from the perspective of the whole life scale, in addition to the pollutant and GHG emissions from the power plants construction, the solar field related materials production and manufacture process will also bring about pollutant and GHG emissions. Compared with Case 2, solar energy is aided, which can provide the heat for upgrading and reduce the heat consumption of coal.
Initial Conditions and Assumptions
This study follows the principle of equal power production, which is based on minimum upgrading and generating unit of the Case 2 proposed by Xu [9] . Figure 4 shows the principle of power generation calculation. The unit consists of an upgrading system and three 600MW generator sets, where 197kg/s lignite can be converted into 567MW electric energy and 84.1kg/s UGC. 84.1kg/s UGC can generate 1097 MW electricity for the user-side in eastern China. In order to compare the performance of the three systems, it is necessary to ensure that Case 1 and Case 3 also supply 567MW of electricity locally and can produce upgraded coal that can supply 1097 MW of electricity for eastern China. Compared with Case 2, solar energy is aided, which can provide the heat for upgrading and reduce the heat consumption of coal.
This study follows the principle of equal power production, which is based on minimum upgrading and generating unit of the Case 2 proposed by Xu [9] . Figure 4 shows the principle of power generation calculation. The unit consists of an upgrading system and three 600MW generator sets, where 197kg/s lignite can be converted into 567MW electric energy and 84.1kg/s UGC. 84.1kg/s UGC can generate 1097 MW electricity for the user-side in eastern China. In order to compare the performance of the three systems, it is necessary to ensure that Case 1 and Case 3 also supply 567MW of electricity locally and can produce upgraded coal that can supply 1097 MW of electricity for eastern China. upgrading and generating unit of the Case 2 proposed by Xu [9] . Figure 4 shows the principle of power generation calculation. The unit consists of an upgrading system and three 600MW generator sets, where 197kg/s lignite can be converted into 567MW electric energy and 84.1kg/s UGC. 84.1kg/s UGC can generate 1097 MW electricity for the user-side in eastern China. In order to compare the performance of the three systems, it is necessary to ensure that Case 1 and Case 3 also supply 567MW of electricity locally and can produce upgraded coal that can supply 1097 MW of electricity for eastern China. To simplify the calculation, some main assumptions are adopted here:
(1) The operating hours for all power plants are calculated as 4500 hours per annum. (2) Both the electric power and upgraded coal transportation is 3000 km.
Additionally, some other detailed operation conditions are shown in Table 1 [9, 11] . The average DNI is designed at 610 W/m 2 [16] and the average efficiency of the solar collector is 56.2% [11] . Considering the setting of the exhaust gas and the flue gas compositions, the boiler efficiency of low-rank coal and UGC can reach 92.95% and 93.83%, respectively. Due to the improvement of the quality, the upgraded coal has higher boiler efficiency. Steam turbines and generators are mechanical components whose efficiency is hardly affected by the type of coal, so these two parameters are the same for the three cases. According to the main assumptions above, it can be calculated that the amount of coal used in each case are 201.3kg/s, 197.7 kg/s, and 191.4kg/s.
Life Cycle Assessment (LCA) Analysis
LCA Methodology
LCA is a theory based on the conservation of energy flow and material flow, which determine the scope and goal of the study. The traditional method to analyze the utilization of coal and solar energy usually only considers efficiency; emission is neglected. However, the emission of the whole life cycle such as the manufacture, transportation, and operation of the solar energy equipment should be considered.
Goal and Scope
The goal and scope of the LCA analysis is shown in Figure 5 with the aim of calculating the primary energy consumption and the emissions of greenhouse gases such as CO 2 , CO, and CH 4 ; acid ''Materials" refers to the energy consumption and pollutant emissions in the process of exploitation and transportation of raw materials such as steel and glass for power plant equipment and upgrading equipment. ''Manufacture" refers to the building process of each equipment unit and the power system, for example the boiler, turbine, generator, and other materials for construction. The "transportation" process is composed of two parts: one is the transportation of materials during the construction of power plants and the other is the transportation of coal. It is obvious that both the transportation of low-rank coal to the power plant and the transportation of the upgraded coal should be taken into account. In this study, two coal transportation patterns are considered railway and road. The "operation" process is mainly caused by fuel combustion, desulfurization, and the denitration process in power plants. The ''decommission" phase refers to the energy consumption and pollutant emissions of the demolition process after the unit is retired. No clear policy exists on the disposal process. Thus, this stage is not considered.
Life Cycle Inventory
The measurement indexes of the systems consisting of primary energy consumption and pollutant emissions can be described by the following formulas.
(1) = + + + P P P P P rm mf tr op (2) where E is the primary energy consumption; Erm, Emf, Etr, and Eop are the primary energy consumption in materials, manufacture transportation, operation, and fuel stage, respectively; P is the pollutant emission mass vector, and Prm, Pmf, Ptr, and Pop are the pollutant emissions in materials, transportation, operation, and fuel stage, respectively. Specifically, the elements that make up the vector Px are as follows
where subscript "x" represents "rm", "mf", "tr", and "op".
As for the materials phase, the specific calculations can be obtained by "Materials" refers to the energy consumption and pollutant emissions in the process of exploitation and transportation of raw materials such as steel and glass for power plant equipment and upgrading equipment. "Manufacture" refers to the building process of each equipment unit and the power system, for example the boiler, turbine, generator, and other materials for construction. The "transportation" process is composed of two parts: one is the transportation of materials during the construction of power plants and the other is the transportation of coal. It is obvious that both the transportation of low-rank coal to the power plant and the transportation of the upgraded coal should be taken into account. In this study, two coal transportation patterns are considered railway and road. The "operation" process is mainly caused by fuel combustion, desulfurization, and the denitration process in power plants. The "decommission" phase refers to the energy consumption and pollutant emissions of the demolition process after the unit is retired. No clear policy exists on the disposal process. Thus, this stage is not considered.
(1) P = P rm + P mf + P tr + P op (2) where E is the primary energy consumption; E rm , E mf , E tr , and E op are the primary energy consumption in materials, manufacture transportation, operation, and fuel stage, respectively; P is the pollutant emission mass vector, and P rm , P mf , P tr , and P op are the pollutant emissions in materials, transportation, operation, and fuel stage, respectively. Specifically, the elements that make up the vector P x are as follows
where subscript "x" represents "rm", "mf ", "tr", and "op".
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As for the materials phase, the specific calculations can be obtained by
where m j (i) represents the quality of the material j required for building the equipment i and E rm (j) and P rm,k (j) represent the primary energy consumption and the k-th pollutant emission mentioned in Equation (3) for 1 kg of material j, respectively. (i = 1, 2, 3, 4, and 5 represent generators and their auxiliary equipment, upgrading equipment, trough heat exchanger, power line, and pylon, respectively. j = 1, 2, and 3 represent steel, aluminum, and glass.) For the manufacture phase, the specific calculation can be obtained by the following empirical formulas.
where S is the generator capacity; E g and E t are primary energy consumption of the steam turbine and boiler unit, respectively; P g,k and P g,k are the k-th pollutant emission of generating unit and boiler unit, respectively. (i = 1, 2, 3, 4, 5, 6, and 7 represent CO 2 , SO 2 , NO X , PM 2.5 , CO, CH 4 , and N 2 O, respectively.) The primary energy consumption and pollutant emission from the construction process of the long-distance electric power transmission, railways, and highways are long-standing and are beyond the LCA boundary, and thus it is not considered in this study. For the transportation phase, the specific calculations can be obtained by
where L j represents the distance traveled by the j-th material. (r = 1 and 2 represent road and railway, respectively. c = 4, 5, and 6 represent raw lignite, UGC without solar energy, and UGC with solar energy, respectively.) For the operation phase, the specific calculations can be obtained by
where W c represents the electric power generated from the coal as fuel. η b,c is the the boiler efficiency of the coal; LHV c is the lower heating value of th coal. η t and η g are the efficiency of the steam turbine and generator, respectively; C c,k is the pollutant emission of unit mass of the coal. This study only considers the denitration process because the emissions from the desulfurization process are quite small and are negligible compared with the denitration process. DE c is the relationship between the amount of ammonia and electricity by the coal. E DE,c and P DEc,k are primary energy consumption of the k-th pollution emission in the denitration process, respectively. Table 2 is a summary of the meaning of the aforementioned numbers in these projects. Taking environmental problems into account, the above-mentioned pollution can be summarized in three categories: globe warming potential (GWP), acidification potential (AP), and respiratory effects potential (REP), which can be recorded as CO 2 -eq, SO 2 -eq, and PM 2.5 -eq, respectively, by multiplying a row vector shown in Table 3 [17, 18] . Table 3 . Conversion factors between various pollutant emissions for globe warming potential (GWP), acidification potential (AP), and respiratory effects potential (REP).
Pollutant
F GWP (g CO 2 -eq/g) F AP (g SO 2 -eq/g) F REP (g PM 2.5 -eq/g)
Through the conversion factors of the corresponding global warming potential, acidification potential, and respiratory effects potential, CO 2 -eq, SO 2 -eq, and PM 2.5 -eq can be obtained with the following formulas.
[
Analytic Hierarchy Process (AHP) Analysis
Taking primary energy consumption and environmental impact forms into account, this study adopted an integrated index based on analytic hierarchy process (AHP) introduced by Thomas L. Saaty [19] . AHP decomposes the relevant factors of complex systems into goals, criteria, and schemes. The corresponding scale is given and the judgment matrix is constructed by comparing the relative importance between the two factors. The scale objectively quantifies the subjective judgments of different types of factors, obtaining the weight values of different factors or evaluation objects to provide a basis for decision-making and evaluation of a complex system.
The comparison matrix is usually expressed in the following form.
According to Saaty's theory, the meaning of scale a ij is shown in Table 4 . Table 4 . 1-9 scale of the meaning of a ij .
Scale a ij Meaning
1
The effect of C i and C j is the same 3
The effect of C i is slightly stronger than that of C j 5
The effect of C i is stronger than that of C j 7
The effect of C i is evidently stronger than that of C j 9
The effect of C i is overwhelmingly stronger than that of C j 2,4,6,8
The effect ratio of C i and C j is between the 2 adjacent grades 1, 1/2, . . . 1/9
The effect ratio of C i and C j is the reciprocal of the above
In AHP, it is necessary to check whether A is reasonable to confirm whether the weight vector is reasonable by consistency test. The constraint condition is as follows
where λ is defined as the maximum eigenvalue of matrix A. CR, RI, and n represent the consistency ratio, consistency indicator, and the order of A, respectively. For the different n, Saaty has figured out the consistency indicator on Table 5 . For an N-layer model, the weight vector of the lowest layer to the target layer, w (N) can be calculated by the following formulas.
where w i (k) is the k-th weight vector for the i-th index in the (k − 1)-th layer.
Hierarchical Model
According to the nature of the goal, the goal is divided into different hierarchical structures, such as the target layer, primary index layer and the secondary index layer. The upper layer has a dominant relationship with the next layer. Based on the AHP, the life cycle assessments of these three systems comprehensively consider the primary energy consumption (PEC) and environmental impact, and a hierarchical result model should be required. As shown in Figure 6 , PEC and environmental impact comprise the primary indicator level, and environmental impact, including GWP, AP, and REP, comprises the secondary indicator layer. Figure 6 , PEC and environmental impact comprise the primary indicator level, and environmental impact, including GWP, AP, and REP, comprises the secondary indicator layer. Where GWP, AP, REP, and PEC are the global warming potential, acidification potential, respiratory effects potential, and primary energy consumption, respectively.
Object Function
To achieve the object function, the relationship between GWP, AP, REP, and PEC should be established. First of all, the dimensions should be unified. As a result, all variables should be divided by their base values to convert them to standard values:
The base values of the environmental impact factors are usually the total emission of a geographical range. This article adopts the air quality of China, GB3095-2012 [20] , which is the total emission on average to population. The object functions derived from AHP can be expressed in the following form.
where α1, α2, α3, and α4 are elements of weight vector w; F is the value of the objective function, of which the unit is the product of population and year (p·y). Its meaning can be understood as the equivalent resident population living consumption [21] . However, the actual situation is diverse. As Where GWP, AP, REP, and PEC are the global warming potential, acidification potential, respiratory effects potential, and primary energy consumption, respectively.
where α 1 , α 2 , α 3 , and α 4 are elements of weight vector w; F is the value of the objective function, of which the unit is the product of population and year (p·y). Its meaning can be understood as the equivalent resident population living consumption [21] . However, the actual situation is diverse. As a result, this article will analyze these data from two dimensions: region and perspective, nine cases totally.
Case Study
Basic Data for LCA Analysis
For the material stage, the materials to build the three systems, the energy consumption, and emission levels of these materials, and the emissions and energy consumption of transporting these materials to the power station need to be considered. The pollutant emissions and primary energy consumption (PEC) of the unit raw materials in the construction phase are shown in Table 6 [22] . These emissions in this table are mainly produced in the exploitation, processing and transportation of raw materials. The specific materials of the adopted equipment are shown in Table 7 [23] . These are the main materials for building power plants; some of the materials that are rarely used have been ignored. For the manufacture phase, the basic data for the plant manufacturing is shown in Table 8 [24] . These emissions are converted according to the manufacturing capacity of the thermal power plant. Particularly, in Case 3, the materials and manufacturing process of the solar energy upgrading equipment should be considered separately. The total energy consumption and pollution emissions of the materials and manufacturing processes can be calculated according to the area. The specific data are shown in Tables 9 and 10 [11] . The upgrading equipment is mainly composed of solar panel and trough heat exchanger. The transportation of the equipment is mainly determined by the transportation distance and the weight of the equipment. The specific data are shown in Tables 11 and 12 [23] . In the operation phase, both the fuel combustion process and the desulfurization and denitration processes are considered. In these three cases, the composition of coal is shown in Table 13 [25] , which is the basic data used to calculate coal emissions. The comparison of flue gas composition with and without removal device can be calculated and shown in Table 14 . The relationship between the amounts of ammonia and coal is shown in Table 15 [26] , which shows the amount of ammonia used for denitrification when using the corresponding coal for 1 kWh electricity. PEC and pollution emissions from the manufacture of ammonia are shown in Table 16 . In addition, SO 2 , NO X , and dust within the flue gas must be removed before being released into the atmosphere; PEC has been calculated as standard value. Table 9 . Materials of solar-hybrid upgrading.
Equipment Solar Panel Trough Heat Exchanger
Area(m 2 ) 373014 183200 Although the cases investigated in this study are located in China, due to the diffusivity of polluting gases, the system's pollution emissions will inevitably have a global impact. Therefore, in addition to considering local and regional impacts, global impacts must be considered as well. As a result, the performance of the system should be assessed from local, regional, and global perspectives. Global regions are usually divided into developed regions, developing regions, and underdeveloped regions. Combined with different perspectives, there are nine situations that need to be considered in total [27] . The AHP comparison matrices of the target of different region are shown in Table 17 [28]. The comparison matrices of the environmental impact of different perspectives are shown in Table 18 [28]. These matrices reflect the relative importance between different emissions and PEC in different regions and at different perspective of view. The standardized base values for environmental impact factors are shown in Table 19 [20]. The base values in this table reflect the contribution of GWP, AP, REP, and PEC to the environment impact. Then weight vector w can be calculated with Equation (16) and Equation (17) . 
Perspective
The Comparison Matrix of Environmental Impact 
Results and Discussion
According to eqts.1-11, the main pollutant emissions and primary energy consumption of these three systems are listed in the Tables A1 and A2 . It can be found that the pollutant emissions and PEC in the combustion phase is far greater than the other phases. The pollution emissions and PEC during transportation are almost negligible. In addition, it can be found that the manufacturing process of solar equipment will produce 30152062.08 kg CO 2 . It is worth notation that LCA is more comprehensive than conventional power plant analysis methods. Especially for solar energy generation processes, traditional analytical methods usually only calculate the energy conversion rate without considering the pollution emissions and PEC in the preparation process to use the energy [29] , but the results of LCA indicates that the process of creating conditions for utilizing solar energy also has emissions and PEC. Figure 7 shows the normalized pollutant emissions and PEC over the whole life cycle. From it we can find that CO 2 emissions are mainly produced by coal combustion during the operational phase, which account for more than 90% throughout the life cycle, because the main component of coal is carbon. Other pollutant emissions are mainly caused by materials, The SO 2 , NO X , and PM 2.5 emissions of materials accounted for nearly 60% and the CO, CH 4 , and N 2 O accounted for more than 90% because pollutant emissions from the production of materials are diverse. Compared with low-rank coal direct power generation, low-rank coal upgraded power generation has obvious advantages in reducing greenhouse gas emissions and reducing resource consumption. For CO 2 , Case 3 performs best because it uses solar energy to provide process heat for coal upgrading, reducing coal consumption. For CO emissions, both Cases 2 and 3 are higher than Case 1. This difference is mainly caused by transportation, because exhaust of the vehicle contains a large amount of CO. Figure 8 shows GWP, AP, and REP of these three systems over the whole life cycle. It is clear that Case1 has the highest level and Case3 has the lowest for these three indicators. Combustion has the largest proportion in GWP, which is because the greenhouse effect of thermal power plants is mainly generated and operated. AP and REP are mainly caused by other stages, especially materials, because the production of materials, such as iron and glass, produces pollutants with acidification potential and respiratory effects. UGC systems are superior to lignite system in these three indicators, especially AP and REP, because lignite contains a lot of sulfur and nitrogen impurities, while UGC removes some impurities. The reason why GWP of Case 3 is lower than the other two systems is that it uses solar energy to provide energy for the coal drying process. much attention to primary energy consumption, while in underdeveloped regions the primary energy consumption has a higher evaluation weight, which reveals that developed regions may be better at using natural resources to create economic benefits [30] . The comprehensive evaluation results of each indicator using AHP are shown in Figure 9 . The types of emissions are often diverse. Only one type of emission is considered comprehensive. In addition, PEC should also be considered. Compared with the method of multiplying each index by a subjective coefficient and summing [31] , AHP is more objective and persuasive. The AHP object functions F come from three perspectives for three levels of development of Cases 1-3, whose meaning can be understood as the equivalent resident population living consumption. From a local perspective, the value of F for the developed region is the smallest, indicating that these cases of longdistance energy transportation are the most acceptable for developed regions. It is worth noting that this is seen from the perspective of local users. Obviously, users in eastern China are suitable for this method. Specifically, Case 3 is the best for eastern China. Moreover, it can be found that in all situations, Case3 is always doing well, which means that the scope of application of Case3 is wide and can adapt to the requirements of different developed regions. According to Equations (12) and (13), the weight vector of PEC, GWP, AP, and REP in different regions and from different perspectives can be calculated; the results are shown in Table 20 . It should be noticed that the environmental impact share caused by the same environmental impact type is significantly different from these three perspectives. The life cycle assessment of a system cannot be limited to local or a single situation. It is also necessary to consider its impact on a region, or the world, and analyze its scope of application; in different situations, there are different objective functions. From a global perspective, the most important environmental impact type is GWP, and its evaluation weight accounts for more than 60%. GWP has not received such great attention locally, where its weight is 33%. Primary energy consumption varies significantly depending on the degree of development of the region. Developed regions and moderately developed regions do not pay much attention to primary energy consumption, while in underdeveloped regions the primary energy consumption has a higher evaluation weight, which reveals that developed regions may be better at using natural resources to create economic benefits [30] .
The comprehensive evaluation results of each indicator using AHP are shown in Figure 9 . The types of emissions are often diverse. Only one type of emission is considered comprehensive. In addition, PEC should also be considered. Compared with the method of multiplying each index by a subjective coefficient and summing [31] , AHP is more objective and persuasive. The AHP object functions F come from three perspectives for three levels of development of Cases 1-3, whose meaning can be understood as the equivalent resident population living consumption. From a local perspective, the value of F for the developed region is the smallest, indicating that these cases of long-distance energy transportation are the most acceptable for developed regions. It is worth noting that this is seen from the perspective of local users. Obviously, users in eastern China are suitable for this method. Specifically, Case 3 is the best for eastern China. Moreover, it can be found that in all situations, Case3 is always doing well, which means that the scope of application of Case3 is wide and can adapt to the requirements of different developed regions. Figure 9 . LCA results of CO2-eq, SO2-eq, and PM2.5-eq emissions.
Sensitive Analysis
The sensitivity analysis of the systems analyzes some of the main factors affecting the performance of the system. The method is to make certain parameters of the system change within a certain range then observe the evaluation results to summarize the conclusions. It does not require analysis of all factors, but only those that are important or influential. In the study of this paper, there are two most important parameters for life cycle assessment: life cycle time pan and global per capita CO2 emission equivalent.
Effect of Life Span
Under normal circumstances, coal-fired power plants can last up to 30 years. The life cycle of the calculated case in this paper is calculated in 25 years. In the sensitivity analysis, we will discuss the performance of the three systems of 20-30year life span. The results are shown as follows. Figures  10-12 reflect the impact of the life span on total emissions. It can be found that in the interval of 20 to 30 years, emissions are growing at an approximately constant rate, and the GWP of Case 3 is always significantly lower than the other two systems. With increasing span time, the gap between the emission of the systems with upgrading phase and that of the system without upgrading phase is gradually increased because the impact of the fixed investment of the previous upgrading equipment on the whole life cycle is gradually reduced. Figures 10-12 reflect the impact of the life cycle on the average annual emissions equivalent. By calculating the annual average emissions, it is possible to more intuitively observe the changes in the performance of the systems with the life span. It can be seen from the figures that as the life of the system increases, the performance of the systems gradually increases. . LCA results of CO 2 -eq, SO 2 -eq, and PM 2.5 -eq emissions.
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The sensitivity analysis of the systems analyzes some of the main factors affecting the performance of the system. The method is to make certain parameters of the system change within a certain range then observe the evaluation results to summarize the conclusions. It does not require analysis of all factors, but only those that are important or influential. In the study of this paper, there are two most important parameters for life cycle assessment: life cycle time pan and global per capita CO 2 emission equivalent.
Effect of Life Span
Under normal circumstances, coal-fired power plants can last up to 30 years. The life cycle of the calculated case in this paper is calculated in 25 years. In the sensitivity analysis, we will discuss the performance of the three systems of 20-30year life span. The results are shown as follows. Figures 10-12 reflect the impact of the life span on total emissions. It can be found that in the interval of 20 to 30 years, emissions are growing at an approximately constant rate, and the GWP of Case 3 is always significantly lower than the other two systems. With increasing span time, the gap between the emission of the systems with upgrading phase and that of the system without upgrading phase is gradually increased because the impact of the fixed investment of the previous upgrading equipment on the whole life cycle is gradually reduced. Figures 10-12 reflect the impact of the life cycle on the average annual emissions equivalent. By calculating the annual average emissions, it is possible to more intuitively observe the changes in the performance of the systems with the life span. It can be seen from the figures that as the life of the system increases, the performance of the systems gradually increases. 
Effect of Total Global Pollution Emissions
On the whole, the effect of unit discharge of pollutants on the environment will vary with the total global emissions, in other words, the impact of pollution emissions on the environment is nonlinear. Therefore, when assessing the performance of the system, it is also necessary to consider global pollution emissions. The greenhouse effect is the most globalized, so the sensitivity of the greenhouse effect to the objective function of the evaluation is analyzed. We took the global annual per capita CO 2 emission equivalent as a variable, and the results are as shown in Figure 13 . It can be seen that in the case of an increase in global greenhouse gas emissions, the equivalent resident population living consumption of these three systems will decrease, but this cannot be mistaken for they with less emissions as the environment deteriorates. Rather, under this polluted condition, the emission share caused by the systems is reduced. Therefore, comparing the three systems makes more sense. Regardless of whether global CO 2 -eq is large or small, Case 3 is always more competitive than the other two systems. However, as CO 2 -eq continues to increase, the advantage of Case 3 over Case 2 will decrease. 
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Conclusions
In this study, the main study object is a solar hybrid low-rank coal upgrading and power generation system; the reference systems are also studied accordingly. According to LCA, The results show the following. 
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(1) From the perspective of the whole life cycle, upgrading the low-rank coal to power generation will help reduce pollution emissions and primary energy consumption. Whether it is solar upgrading or traditional nonsolar upgrading, it has a significant effect in reducing the acidification potential of the system and the potential of respiratory effects, but the traditional upgrading is not effective in reducing the greenhouse effect potential of the system, while the effect of the solar upgrading system is clear. (2) Pollution emissions and primary energy consumption are mainly concentrated in the operational phase, which produces more than 90% CO 2 and consumes more than 90% primary energy of the life cycle. As a result the greenhouse effect potential of the system depends mainly on this stage. Emissions and consumption during coal transportation are only a small fraction of the total. Manufacturing coal upgrading equipment and solar energy collection equipment also account for a small percentage. This shows that it is feasible to carry out long-distance transportation after upgrading low-rank coal. (3) Uncertainty analysis shows that system performance will vary with life cycle and global total pollution emissions. Specifically, as the life span increases, the proportion of fixed investment in the construction process will gradually decrease over the entire life cycle, resulting in an increase in the comprehensive performance of the system. In particular, the advantages of solar low-rank coal upgrading and power generation systems relative to the reference system will be further revealed. The impact of global pollution emissions on the system is mainly reflected in the cumulative effect of global pollution. Solar low-rank coal upgrading and power generation systems can effectively mitigate the trend of pollution and have good competitiveness. 
